Abstract-ElectrophysiologicaI studies were performed to elucidate the mechanism underlying the antivertigo action of eperisone, an antispastic drug, using cats anesthetized with a-chloralose. lontophoretic application of eperisone up to 100 nA produced a dose-dependent inhibition of spike generation upon vestibular nerve stimulation in monosynaptic and polysynaptic neurons of the medial vestibular nucleus (MVN).
The inhibition of neurons in the MVN was more prominent than that in the lateral vestibular nucleus.
In addition, iontophoretically applied eperisone in doses of 50-100 nA inhibited the orthodromic spike elicited by vestibular nerve stimulation in the MVN monosynaptic neurons projecting to the abducens nucleus (ascending neuron), without affecting that in the MVN neurons projecting to the spinal cord (descending neuron). An inhibition of antidromic spike elicited by abducens nucleus stimulation in the MVN monosynaptic ascending neurons was observed in some cases during application of eperisone.
These results suggest that eperisone predominantly inhibits synaptic transmission of the MVN ascending neurons.
Eperisone
H CI (4'-ethyl -2-methyl -3 piperidinopropiophenone hydrochloride) is a newly synthesized, antispastic drug that is structurally related to tolperisone, a centrally acting muscle relaxant (Fig. 1) . Unlike other centrally acting muscle relaxants, however, eperisone and tolperisone are devoid of tranquilizing action. Eperisone reportedly produced an inhibition of experimental rigidity, flexor reflex, and mono and poly synaptic reflex potentials in the ventral root of the spinal cord as well as a and r-efferent activities (1) . Furthermore, it has been confirmed in double blind trials that eperisone is more effective in treating spastic paresis than tolperisone, and it is also effective for dizziness and vertigo in patients with cerebro vascular diseases (2). Materials and Methods Twenty-seven adult cats of both sexes weighing 2.5-4.0 kg were used. All surgical procedures were performed under ether anesthesia. After cannulating the trachea and femoral vein, the left tympanic bulla was trepanned under a ventral approach. A bipolar stimulating electrode was inserted in the vestibular nerve through the exposed round window of the middle ear cavity and fixed there with dental cement. The head of the animal was fixed in a stereotaxic instru ment, and the occipital skull and bony tentorium were removed to allow insertion of the recording and stimulating electrodes. Concentric bipolar stimulating electrodes were inserted into the left abducens nucleus (P: 6.5, L: 1.5, H: -5.0) (3) and the ipsilateral vestibulospinal tract located 2.5 mm from the midline and 3.0 mm from the spinal cord surface at C2-C3 level, as described previously (4) . After the operation, the administration of ether was replaced with a chloralose (30 mg/kg, i.v.) and immobilization with gallamine triethiodide (5 mg/kg/hr, i.v.).
Respiration
was artificially sustained and body temperature was maintained at 36.5 37.5°C with a heating pad. All wound edges and pressure points were locally anesthetized with 8% lidocaine spray, repeatedly throughout the experiments. Supplemental doses of a-chloralose (each 10 mg/kg, i.v.) were added as required.
A glass-insulated silver wire microelectrode (an electrical resistance of approx. 1 MS2) at tached along a seven-barreled micropipette was used for extracellular recording of single neuron activity in the left MVN (P: 8.0, L: 2.5, H: -2.0 to -3.0) and LVN (P: 8.0, L: 4.0, H: -3.5 to -4.5) (3). The outer diameter of the micropipette was approximately 10 ,m, and the distance between the tips of the recording electrode and the micropipette was less than 30 tim. Each micropipette was filled with 0.1 M eperisone HCI (kindly pro vided by Eisai Co.) and 1 M monosodium L-glutamate (Wako) and 3 M NaCl. These chemicals were iontophoretically applied to the immediate vicinity of the target neuron for 60 sec using a microiontophoresis pro grammer (VVP-I, model 160).
Stimuli, composed of square wave pulses of 0.05 msec duration and 0.5-10 V were applied orthodromically to the vestibular nerve and antidromically to the abducens nucleus or the vestibulospinal tract every 1.6 sec. The intensity of the stimulus used was 1.5 times higher than the threshold stimulus, which was the intensity that produced at least one spike with each stimulation. The spikes elicited by the stimulation were displayed on an oscilloscope (Nihon Kohden, VC-9) through the condenser, and 15-40 successive responses before and during application of eperisone were photographed. The mean spike number and latency of the first spike elicited by stimulation in each neuron were obtained from 10-20 successive responses 30-60 sec after application of eperisone, and these were compared with those before the drug application. The mean spike number and latency of each group of neurons were calculated from the mean values of each neuron. Statistical significance of the data was determined by Student's t-test. After the termination of the experiments, the recording and stimulating sites were marked by passing a direct current of 20 ,aA for 10 20 sec and histologically checked using cresyl violet stain. Further details of the procedures have been described previously (4-6).
Results

Monosynaptic
and polysynaptic neurons in MVN and LVN: The neurons in the MVN and LVN were classified into two types according to the firing pattern and latency of the first spike elicited by vestibular nerve stimulation as reported previously (4, 7, 8) . The first type is a monosynaptic neuron that fired spikes on the N, wave (monosynaptic component) of the field potentials (9) with a consistent latency of less than 1.6 msec (Figs. 2 and 3 Experimental conditions and symbols are as for Fig. 2 inhibited by iontophoretic application of eperisone up to 100 nA. The inhibition was observed 30-40 sec after the onset of application, and it took over 5 min for the recovery. A significant inhibition (P<0.05) of the spikes was obtained in 6, 9 and 9 out of 17 MVN monosynaptic neurons examined during the application of eperisone at 25, 50 and 100 nA, respectively. The remaining neurons were unaffected by the drug application. The mean spike number of the 17 neurons was 1.63±0.11 before eperisone application, but this number was significantly reduced to 1.16±0.14 (P<0.05) and 0.90±0.17 (P<0.01) during the ap plication at 50 and 100 nA, respectively (Table 1) . Similarly, eperisone at doses of 25, 50 and 100 nA produced a significant inhibition of spike generation in 6, 6 and 9 out of 12 MVN polysynaptic neurons tested, respectively. Thus, a significant reduction of the mean spike number of the 12 neurons upon vestibular nerve stimulation was found with the application of eperisone at 50 and 100 nA (Table 1) .
In contrast to the MVN neurons, no sig nificant alterations of the mean spike numbers upon vestibular nerve stimulation were observed in the LVN monosynaptic and polysynaptic neurons during iontophoretic application of eperisone up to 100 nA ( Fig.  3 and Table 1 ). When 200 nA of eperisone was given, a significant reduction of the spike number was found in 11 of 22 LVN mono synaptic neurons, and the mean spike numbers of the 22 neurons were 1.47±0.12 and 1.00±0.13 before and during eperisone application of 200 nA, respectively. The mean spike number was altered slightly in 5 LVN polysynaptic neurons with eperisone at 200 nA. A decrease in the spike height was seen in both LVN monosynaptic and polysynaptic neurons (Fig. 3) .
Effects of eperisone on MVN neurons with ascending and descending projections: To analyse the inhibitory effects of eperisone on the MVN neurons in the second series of experiments, the MVN monosynaptic neurons were classified into two groups: ascending and descending neurons (Fig. 4) . The ascending neuron was activated by stimulation of the ipsilateral abducens nucleus with a short and consistent latency. The mean spike latency of 6 ascending neurons was 0.80±0.15 (S.E.) msec. The descending neuron responded to stimu lation of the ipsilateral vestibulospinal tract with a mean spike latency of 0.67±0.03 msec (n=9). As shown in Figs. 4A3 and 4B3, these spikes followed a high frequency stimu lation up to 200 Hz, indicating that the spikes are antidromically elicited by stimulation of the abducens nucleus and vestibulospinal tract, respectively. Orthodromic spikes of the MVN ascending neurons upon vestibular nerve stimulation was dose-dependently inhibited by ion tophoretic application of eperisone up to 100 nA (Fig. 5) . A significant inhibition of spike generation was obtained in 4 of 6 ascending neurons tested during the drug application at 100 nA, and the mean spike number of the 6 neurons was decreased from 1.50±0.19 to 1.02±0.27 (Table 2 ). In 2 of Eperisone also inhibited the antidromic spikes in some of the MVN ascending neurons, suggesting that the drug acts on the cell body of the neurons. It seems difficult to answer at present why the MVN ascending neurons are more sensitive to eperisone than the descending neurons. However, it is presumed that differences of sensitivity to eperisone may be due to that of the membrane composition in the neurons, as seen in the action of ethanol, which inhibited the LVN monosynaptic neurons more predominantly than the polysynaptic neurons and the MVN neurons (8). In conclusion, our results strongly suggest that eperisone predominantly inhibits synaptic transmission in the MVN neurons with ascending projection to the abducens nucleus, without affecting the MVN or LVN neurons with descending projection to the spinal cord.
